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Transition from 
maternal to endogenous 
antibodies in newborn 
calves
M. Hassig, T. Stadler, H. Lutz
THE transition from colostrum-derived, passive, mater-
nal antibody protection to active antibody production is a 
critical phase in the first few weeks of a calf ’s life. Calves are 
born with very low serum concentrations of immunoglobu-
lin G (IgG), because the bovine placenta is impermeable to 
large molecules, and maternal transfer of IgG is therefore 
highly inefficient (Fey 1972). Ingestion of colostrum con-
taining maternal antibodies provides newborn calves with 
passive immunity and protection against a broad range of 
infectious diseases until their own immune system produces 
protective amounts of endogenous antibodies. The serum 
concentration of maternal antibodies declines within the 
first two weeks after birth, while production of endogenous 
antibodies increases. This short communication describes 
a study to determine the persistence of maternal antibod-
ies in calves, and to present a new procedure for determin-
ing maternal and endogenous IgG concentrations in calves 
(Butler 1986).
An eight-year-old, fourth-parity, healthy Swiss Braunvieh 
cow was vaccinated with a model antigen (Leucogen; Virbac 
AG) that is used to vaccinate healthy cats against feline leuke-
mia virus (FeLV) but is foreign to cattle. The cow was vac-
cinated 15 times over a period of 18 months at intervals of 
about five weeks. Serum collected before vaccination was 
used as a control. Serum was then collected after 19 months 
and 20 ml of this ‘hyperimmune’ serum were added to 500 
ml of colostrum and administered orally via a nipple bottle 
to each of 20 newborn calves within the first few hours (one 
to six) after birth. In total, 2 litres of colostrum were given to 
each calf. During the following 14-month study period the 
20 calves (13 Simmental, five Swiss Braunvieh, two Holstein-
Friesian) were fed whole milk.
The herdsperson collected the first sample of blood 
shortly after birth by stripping umbilical blood into a ster-
ile vial without anticoagulant. When this was not feasible, a 
blood sample was obtained from the jugular vein by one of 
the investigators. Thereafter, blood samples for serum pro-
duction were collected daily for 10 days and then weekly for 
six months.
The total concentration of IgG was determined by radial 
immunodiffusion (RID; Binding Site). Antibody levels to 
FeLV were measured by an ELISA (Lutz and others 1980). The 
ELISA extinction value was calculated using its linear rela-
tionship with the IgG value. The concentration of absorbed 
IgG (IgGabs) after ingestion of colostrum was determined by 
subtracting the precolostral IgG concentration from the total 
IgG concentration. The concentration of FeLV-specific IgG 
absorbed by the calf (FeLVabs) was calculated by subtracting 
the precolostral concentration from the effective FeLV con-
centration. It was hypothesised that the amount of absorbed 
maternal FeLV antibodies was proportional to the amount of 
maternal IgG absorbed. The concentration of IgG in plasma 
was calculated using the formula:
ConcIgG/FeLV=IgGabsMax/FeLV antibody concentrationabs
where Max is the maximum IgG level or maximum FeLV 
antibody concentration within the first five days of each calf ’s 
life. Determination of the FeLV antibody concentration on a 
given day allowed the calculation of the proportion of mater-
nal IgG, using the formula: 
IgGConc/Maternal=FeLV antibody concentrationday–x 
x ConcIgG/FeLV
The proportion of IgG produced by the calf was deter-
mined by subtracting the calculated concentration of mater-
nal antibody from the IgG concentration on a given day. 
Half-life, using the Kaplan-Meier procedure, analysis of 
variance for repeated measures and analysis of variance for 
individual sampling times were performed using StatView 
5.0 (SAS). P<0·05 was considered significant. The study was 
approved under Swiss licensing procedure and a local ethi-
cal review process (Kantonale Veterinäramt Zürich, number 
02/2000).
The time course of endogenous, maternal and total con-
centrations of IgG in calf serum during the first 26 weeks after 
birth is shown in Fig 1. The total concentration of IgG in calf 
serum increased significantly within the first 24 hours after 
birth. The mean (sd) IgG concentration immediately after 
birth was 0·10 (0·24) g/l. The maximum IgG concentration 
was recorded on day 3, at which time the mean concentration 
was 24·0 (12·0) g/l. Thereafter, the mean concentration of 
IgG progressively decreased until day 50. This ability of calves 
to absorb colostral immunoglobulins beyond 24 hours after 
birth is contrary to the findings in most studies on absorp-
tion of colostral immunoglobulins, which have indicated 
that serum concentrations reach a maximum level around 
24 hours of age (Logan and others 1978). In addition, there is 
ample evidence that absorption ceases 12 hours after birth in 
a significant proportion of calves. The results of the present 
study suggest that the absorption of IgG ceases 12 hours after 
birth, but the total amount rises until three days after birth 
because the rate of resorption remains greater than the rate 
of metabolisation (Stott and others 1979, Hadorn and others 
1997). After day 100, the IgG concentration increased slightly, 
although not significantly. The maximum concentration of 
antibodies against FeLV was recorded on day 2. The IgG con-
centrations collected from the jugular vein at 24 hours were 
significantly higher than those in blood samples collected 
from the umbilical vessels at birth. There was a rapid decline 
in the concentration of antibodies against FeLV during the 
first 50 days. The half-life of maternal IgG in calf serum was 
10·1 (8·9) days and the median was 9·0 days. There was a 
significant difference between the total IgG concentration 
and the concentration of maternal antibody starting at day 8 
FIG 1: Time course of endogenous, maternal and total immunoglobulin G (IgG) 
concentrations (mean ± sd) in 20 calves during a six-month period
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(P=0·02). From day 42 onwards, the total IgG concentration 
did not differ significantly from the concentration of endog-
enous IgG (Table 1).
The results of this study demonstrate the highly efficacious 
oral uptake of immunoglobulins immediately after birth. In 
addition, they show that the calves B cell system actively pro-
duces new antibodies within days after birth, in accordance 
with the findings of Devery and others (1979). The data from 
the present study confirm and extend other reports in which 
the concentration of maternal antibodies in newborn calves 
started to decline markedly as early as a few days after birth, 
corresponding with a mean (sd) half-life of 10·1 (8·9) days 
(Messerli and Fey 1973, Erhard and others 1999). The decay 
of absorbed antibodies has been used previously to deter-
mine the half-lives of absorbed immunoglobulins (Douglas 
and others 1989). The half-life of IgG1 immunoglobulin was 
measured in six neonatal calves after feeding with colostrum 
derived from their dams in which the IgG1 was labelled with 
iodine-125 (Sasaki and others 1977). The half-life, as meas-
ured by the decrease in plasma concentration of IgG1, was 
19·9 (1·9) days. After the sixth week, the concentration of 
maternal antibody could hardly be measured.
If a calf fails to synthesise protective amounts of endog-
enous IgG during the first few weeks of life, the risk of infec-
tion increases. However, the production of endogenous IgG 
in calves begins immediately after birth, and by six weeks 
endogenous IgG is, for the most part, responsible for humoral 
defence. In the present study, there was a steady increase in the 
endogenous production of immunoglobulins. There was no 
temporary hypogammaglobulinaemia between days 11 and 28, 
as observed by Erhard and others (1999). The total IgG con-
centration measured one day after ingestion of colostrum was 
similar to the values recorded in earlier investigations (Logan 
and others 1978, Burton and others 1989, Stengel 1998).
The fact that the maximum serum concentration of IgG 
was measured 48 hours after birth indicates that the newborn 
calf is able to absorb immunoglobulins from the intestinal 
tract beyond 24 hours after birth, contrary to other reports in 
the veterinary literature (Schrag 1984, Stengel 1998).
The lowest mean concentration of IgG (11·8 [4·2] g/l) was 
measured in the ninth week. This finding conflicts with the 
general assumption that calves are immunocompromised 
from the fourth or fifth week after birth (Schrag 1984). In 
contrast to the report by Erhard and others (1999), a signifi-
cant increase in the concentration of total IgG after week 9 
was not seen. The time course of the total IgG concentration 
(Fig 1) suggests that a period of hypogammaglobulinaemia, 
often cited in the literature, may not occur, provided the calf 
receives an adequate amount of high-quality colostrum dur-
ing the first few hours after birth. The calves in the present 
study received high amounts of colostrum fed by a bottle; 
under field conditions it is not possible for every calf to 
receive sufficient amounts of colostrum within the first 24 
to 48 hours. Of great significance to the calf is the period of 
transition from maternal antibody protection to the synthe-
sis of endogenous antibodies between two to six weeks after 
birth. The most common diseases of calves occur before com-
plete protection by endogenous IgG is established (Schrag 
1984, Buschmann 1990, Rajala and Castren 1995).
The method used to determine the persistence of mater-
nal antibodies in the present study may have overestimated 
the IgG concentration, as, presumably, FeLV antibody concen-
tration only decreases by metabolisation without being used 
in specific antigen-antibody reactions. On the other hand, the 
experimental design of the present study made it possible to 
model the concentration of IgG in newborn calves on simple 
calculations. This design could prove useful for similar stud-
ies in other animal species.
References
BURTON, J. L., KENNEDY, B. W., BURNSIDE, E. B., WILKIE, B. N. & 
BURTON, J. H. (1989) Variation in serum concentrations of immunoglob-
ulins G, A, and M in Canadian Holstein-Friesian calves. Journal of Dairy 
Science 72, 135-149
BUSCHMANN, H. (1990) Neugeborenen- und Säuglingskunde der Tiere. 
Stuttgart, Germany, Ferdinand Enke Verlag
BUTLER, J. E. (1986) Biochemistry and biology of ruminant immunoglobu-
lins. Progress in Veterinary Microbiology and Immunology 2, 1-53
DEVERY, J. E., DAVIS, C. L. & LARSON, B. L. (1979) Endogenous produc-
tion of immunoglobulin IgG1 in newborn calves. Journal of Dairy Science 
62, 1814-1818
DOUGLAS, V. L., CULLOR, J. S., TYLER, J. W., THURMOND, M. C. & 
BUSHNELL, R. B. (1989) Rapid decay of serum IgG recognizing gram-nega-
tive cell wall core antigens in neonatal calves. American Journal of Veterinary 
Research 50, 1138-1140
ERHARD, M. H., AMON, P., NÜSKE, S. & STANGASSINGER, M. (1999) 
Studies on the systemic availability of maternal and endogeneously produced 
immunoglobulin G1 and G2 in newborn calves by using newly developed 
ELISA systems. Journal of Animal Physiology and Animal Nutrition 81, 239-
248
FEY, H. (1972) Colibacillosis in Calves. Bern, Switzerland, Verlag Hans Huber
HADORN, U., BLUM, J. W. (1997) Effects of feeding colostrum, glucose or 
water on the first day of life on plasma immunoglobulin G concentrations 
and gamma-glutamyltransferase activities in calves. Zentralbl Veterinarmed 
A 44, 531-537
LOGAN, E. F., MCMURRAY, C. H., O’NEILL, D. G., MCPARLAND, P. J. & 
MCRORY, F. J. (1978) Absorption of colostral immunoglobulins by the neo-
natal calf. British Veterinary Journal 134, 258-262
LUTZ, H., PERDERSEN, N., HIGGINS, J., HUBSCHER, U., TROY, F. A. & 
THEILEN, G. H. (1980) Humoral immune reactivity to feline leukaemia 
virus and associated antigens in cats naturally infected with feline leukaemia 
virus. Cancer Research 40, 3642-3651
MESSERLI, J. & FEY, H. (1973) Messung des klassenspezifischen Antikörper- 
und immunoglobulingehaltes in Colostrumseren von proteinimmunisierten 
Rindern. Zentralblatt der Veterinärmedizin B 20, 177-198
RAJALA, P. & CASTREN, H. (1995) Serum immunoglobulin concentrations 
and health of dairy calves in two management systems from birth to 12 weeks 
of age. Journal of Dairy Science 78, 2737-2744
SASAKI, M., DAVIS, C. L. & LARSON, B. L. (1977) Immunoglobulin IgG1 
metabolism in new born calves. Journal of Dairy Science 60, 623-626
SCHRAG, L. (1984) Gesunde Kälber – Gesunde Rinder: die wichtigsten 
Krankheiten in Aufzucht und Mast, Erkennung, Vorbeuge, Behandlung. 
Hengersberg, Germany, Schober Verlags
STENGEL, K. H. (1998) Immunoglobulin G-Bestimmungen im Blutserum 
neugeborener Kälber in den ersten zehn Lebenstagen sowie im Kolostrum 
derer Mütter mittels eines neu entwickelten kompetetiven ELISA. Thesis, 
University of Giessen, Germany
STOTT, G. H., MARX, D. B., MENEFEE, B. E. & NIGHTENGALE, G. T. (1979) 
Colostral immunoglobulin transfer in calves I. Period of absorption. Journal 
of Dairy Science 62, 1632-1638
Days after Total IgG v Maternal IgG v Endogenous IgG
birth maternal IgG endogenous IgG v total IgG
 2 to 7 – + +
 8 to 21 + + +
 28 to 35 + – +
 35 to 42 + – +
 42 to 49 + – –
 49 to 180 + + –
+ Significant difference, – No significant difference
TABLE 1: Significant differences (P≤0·05) between different 
immunoglobulin G (IgG) fractions in the serum of calves 
determined by analysis of variance
